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a: 


Srvlrto^’flSdTn^J :h h % deX , tral set of ^hogooa; 
the rotation Jf ^ eV t ^S#- Xed I^ me ' the " l 1 
rotation of k. 2 the rotatlon of j and e 3 is^he 

transformed from 1 the 7ne°rtfal ?» the f orbit er can be 
frame for the body-three angles as the body - fixed 

U) = M^g 

~ ( 2 ) 

can be h gi t V e t n al as k [ 4 ] t1C expression of the system 


T = T o + T, - T 2 


(3] 


where T 0 i s the kinetic enerav of f-ho 4 . 4 .*, 
given as e or the shuttle and i 


T 0 = 1/2 m: V T V + 1/2 iu T i x u 


(4] 


The kinetic energy of the flexible beam is T , and t 


95 - 


V# 



l/2mV^V + 1/2 aJj (j- mV J Cw+ 1/2 d T d dm 
+ V o T/d dm + wj/^ad dm + 1/2 [u x 'u Ju ^ ]dl 


u ' 

y 

u/ 
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T, = l/ZmVjo 1 V_+ l/2u T Ju- raVjj T cu+ q. 2 +Vg T £ 

t* „ n # o n # o 

+ “. S.+ l/4p C E p q f + ] 

i=l 5i l i=i bl 1 

where 


u x- 1 £ 1 *xl( s )‘«l( t ) 


n 


u y = 1 ^ 1 +yi (s)q i (t) 


n 


and 


u -i» ■ 1 £ 1 **i (s)q i (t) 


P = /* xi (s) ds 
li o 

L 

P 2i = / <*> yi ( s ) ^ 


0 


P 3i = / S ^xi (s) dS 
X 

p = J S(j> . (s) ds 

4i 0 yi 

P„ = / ( S *i ) 2dS 

5i o X1 

L 

p 6i “ / ) 2ds 


( 6 ) 


(7) 


( 8 ) 


97 


and 



n . n 


i=l P li q i 

« (t) = 

i-1 P 2i q i 

■ 

0 

L (t) = 

i-1 P 4i q i 


n 

p 

ill P 3i q i 


0 


( 9 ) 


(10) 


The kinetic energy T 2 , of the tip mass (the reflector) 

T 2 = 1/2 m 2^o ^0 ' m 2 ¥o!( L )“ + m 2 ^ ^ L ) 

- 1/2 (L)a(L)u + m_ «Ta(L)d_(L) 

+ 1/2 m 2 d_ T (L) d_(L) + 1/2 n T I 2 S. 


( 11 ) 


where 


ft = 0) + 


u x '(«■) 

“y 'W 

L% W 


(12) 
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T = 1/2 ra 2 v/Vj, - m 2 vj afLJu + m 2 vj d_(|_) 


- l/2nfew T a(L)aJL)c i + m 2ii T a(L)d^L) 


n n 


+ 1/2 ^2 C^i j!fxi (L) *xj (L) ^.^j + i I 1 ^ ( i L) *yj (L )^i'’^ 
+ 1/2_P_ T I 2 _P_+ 1/2o) T I 2 « J ’ (13) 


where 
n 


n i 


n 


(14) 


-“^-l x 1 (L,q i(t) i (t) 1 (t) ^ 

-instituting Tq» T 1 and \ from the foregoing equations 

^o equation (3), the total kinetic energy expression 
can be written as 


T = 1/2 m 0 V_ T V_ + uJ HV + I/2J I 0 v_ T A j g_ 


+ 21 A & + 1/2 Q A j q 


(15) 


where 


?? 




(26) 


%V_~ Hi ♦ A lf = + 

where the nonlinear terra Niis given as 

U 1 = C ( m o_y ■ H + A 1 q ) ( 27) 

* (in n V - H u+ A x _q ) 

Similarly, using equation (2) and the chain rule in the 
Lagrange's equations, the rotational equations are 
obtained as 

HV + I„ u+ A 2 q = G(t) + N 2 (28) 

* 

where jGft) is the net moment about the mass center of 
the orbiter and is given as 


G = G +(r + a)xF 
— - o — — —2 


(29) 

and the nonlinear term is given in terms of 

t ransf ormat i ons M and C, and ^ and .The vibration 
equations of the beam can be obtained by again using 
Lagrange s equations and the potential energy function 


U = 1/2 q '« q 

'■'Here the stiffness matrix K is given as 


(30) 


K = 


3r, 4 


IL L J j 

L 3 


(31) 


he vibration equations are 
. T* T- 

A i_V + Aj u + A 3 q = -Kq 


(32) 
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Io 0L + A 2 q = G(t ) + H 2 ( “ ) 

T. ~ ” 

A 2 w + A 3 q = -Kq 


Equation (33) can be rewritten as 

i = i 0 ' 1 [ g + 1 2 ( “) - A 2 q ] 

The first three Euler parameters are defined as 


£2 = V 4>/2 


= cos ^ /2 

= 1/2 ( £4 £+ £ x £ ) 


de_4 

dt 


= - 1/2 £•£ 

= 2 ( £4^ - £4£ 

d£ , 

= hT- » h. ( £, to) 


de 

e x ~ ) 
dt 
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Slew Angle in Degrees 



Moment in ft -lbs 



Fig. 7 Moment Component Gi vs. Time 

(Axis of Rotation) 
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Time in Seconds 


Fig. 8 


Moment Component G 2 vs. Time 
(Axis of Rotation) 

3i + j + 5k 
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